Introduction

38
Secondary production, defined as the accumulation of heterotrophic biomass over time (Benke 39 2010) , is a foundational concept in fisheries science (Ricker 1946; Wiley et al. 1984; Beamish 40 1993; Dolbeth et al. 2012) . However, there has been a surprising lack of basic information on 41 how fish production rates vary spatially and temporally (but see Carlander and Payne 1977;  annual production (i.e., the "ecotrophic coefficient") informed highly useful inland fisheries and greater. This convention is based in part on the susceptibility of these size and age classes to 84 sampling and thus and the reliability of population estimates via mark and recapture. For up to 85 two years after a population estimate is conducted, a limit reference point for harvest in 86 individual lakes is 35% of the adult population (i.e., no more than one occurrence of 35% in 40 87 lake and year instances), minus error margins to account for variability in population estimates 88 (Hansen et al. 1991) . After two years, walleye abundance is estimated using a model based on 89 population size and lake area (Nate et al. 2000) . Following tribal harvest declaration, a sliding 90 recreational angler bag limit is applied on individual lakes based on the limit reference point. In 91 general, this management system has been effective at maintaining regional walleye density 92 targets (e.g., 3 adult fish per acre) over time. Yet recent data suggests regional trends in declining 93 walleye recruitment, and speculation abounds that harvest could be one factor underlying this 94 factor. Consequently, new methods of modelling sustainable exploitation rates of walleye could 95 be valuable tools for refining walleye conservation management.
96
Escanaba Lake is a 118 ha lake (mean depth = 4.3 m, maximum depth = 7.9 m) located in 97 Vilas County, Wisconsin on undeveloped, state-owned land. The watershed is forested, and the 98 lake has an irregular shoreline with several small islands lined with rock-boulder habitat. Fish 99 species present in Escanaba Lake include walleye, yellow perch (Perca flavescens), largemouth (Kempinger and Carline 1977) . Escanaba Lake has not been stocked with any fish since 1945 Lake for all years in which data were available; 2) test for statistical relationships between 130 exploitation and production; and 3) compare current walleye management recommendations to 131 those that might be derived from the analysis of production data. We predicted that walleye 132 biomass and production rates would be variable over time. Therefore we also predicted that the 133 fraction of biomass available for sustainable harvest would also be variable over time and 134 correspond directly to annual production rates.
136
Materials and Methods
137
Walleye datasets
138
Fisheries data are collected on an annual basis for walleye in Escanaba Lake with little deviation recaptures were made shortly after marking using AC electrofishing (this change was due to the 145 high minimum length limit and a corresponding lack of harvested fish), and population estimates 146 calculated using the Chapman variation of the Peterson method (Chapman 1951 age class or time period (e.g., age 0-3) were calculated using eq. 1 and age-specific production 185 estimates summed to derive total annual production of walleye in Escanaba Lake. We provide an 186 example production calculation for one calendar year of data in Table 1 .
187
As with any method of production estimation, limitations and assumptions are apparent 188 that merit explicit consideration. The instantaneous growth method is ultimately a "snapshot" 
Statistical analyses
227
Pearson product moment correlations were calculated to relate annual adult walleye density to 228 total annual walleye production and age 0-3, age 4-6, and age 7+ production. Series 229 autocorrelation in biomass, production, P/B, harvest, and E p time series data was evaluated using 
Results
251
Annual walleye biomass, production, and P/B ratios were highly variable in Escanaba Lake over (i.e., the year low walleye harvest was initiated), with the exception that adult densities no longer 265 significantly correlated with total production. Insufficient sample sizes (number of years) were 266 available to appropriately test for these same effects statistically, post-2003. However, 267 correlation strength between adult densities and age 7+ production rates did increase post-2003, 268 while correlation strength between adult densities and age 0-3 and 4-6 production were reduced. where production varied by half an order of magnitude and E p ranged from 0 to >200%. Walleye 306 production was somewhat compensatory at relatively low-moderate levels of exploitation, but walleye production. Furthermore, the effect of angling exploitation on production was strongly 310 localized on larger, older walleye.
311
Escanaba Lake appears to have the capacity to produce high standing crops of walleye 312 biomass at relatively fast rates compared to other populations and ecosystems ( Escanaba Lake possesses the right set of environmental conditions that make it highly conducive 320 to walleye production. We speculate that this productivity may be related to an abundance of 321 high quality habitat (i.e., islands, boulders, gravel, sand), food web structure and function 322 including a robust forage base (yellow perch), undeveloped shorelines, and general remoteness.
323
It is not surprising that adult walleye densities were significantly correlated with total 324 annual production rates and that this correlation was weak compared to that between adult 325 densities and mid-age walleye production. Fish densities are a major factor driving variability in 326 production rates via the biomass coefficient; thus when densities are high, production should also 327 stronger correlation observed between adult density and age-4-6 year old production reflects the reality that younger fish usually comprise larger fractions of adult walleye densities. Thus, it is and selection by anglers (Dutil and Brander 2003; Venturelli et al. 2010 In Escanaba Lake, walleye biomass and production were variable over time, but were 408 high relative to published data on other walleye populations ( biologists that obtaining the data required to empirically estimate production is so costly and 451 time-consuming. Indeed, the core datasets of the Wisconsin Department of Natural Resources,
452
Escanaba Lake Research Station contain some of the premiere information in the world on 453 walleye biology, including species response to various regulatory initiatives. Thus, the 454 calculation and study of long-term production rates in this ecosystem were long overdue.
455
However, the basic empirical components to estimate fish production and E p are likely collected temporally across the regional landscape is high.
462
Even though walleye production, biomass and P/B estimates were not serially correlated,
463
present between production and exploitation. Furthermore, it uncovers a potential interdependency between both variables when each year's production and harvest estimate is 471 tabulated and considered independently. We suggest that future studies on empirical production annual biomass, B ഥ = mean biomass between age classes, G = instantaneous growth rate, and P = secondary production rate. (A) total production, (B) age 0-3 production, (C) age 4-6 production, and (D) age 7+ production 737 in Escanaba Lake, WI, 1965 WI, -2009 . In all panels, annual production rates (dashed black lines) are 738 plotted against adult densities (solid gray lines) and correlation coefficients represent Pearson 739 product moment correlations between production and density data. 
